Proliferation of axillary shoot buds and multiple shoot formation in Catharanthus roseus was obtained in 96 % explants on MS medium (3 % sucrose) containing NAA + BA. 2,4-D induced callusing in both, the nodal as well as in leaf segments. Leaf-derived callus was used for transformation with Agrobacterium tumefaciens LBA4404/pBI-S1. Bacterial cell concentration, duration of co-cultivation and acetosyringone concentration influenced transformation efficiency. Under optimal co-cultivation conditions, 98 % of the explants showed GUS expression. PCR based amplification of the transformed and subsequently selected callus tissue indicated the presence of uidA, Gly I and nptII genes. 
INTRODUCTION
Catharanthus roseus of apocynaceae has been accredited with anti-diuretic, -dysentric andhaemorrhagic properties. The presence of anti-cancerous alkaloids have further enhanced the medicinal value of this plant. More than 100 monomeric and bis-indole alkaloids have been reported.
The plant extract works against Corynebacterium, Diplococcus, Proteus, Pseudomonas, Shigella, Staphylococcus and tobacco mosaic virus (Ross, 1999) . It also helps in the reduction of blood glucose levels in normal and diabetic rabbits (Nammi et al., 2003) and CNS depressant activities in rats. The extract can act as growth regulator against tobacco caterpillar and gram pod borer (Singh et al., 2003) .
Since the yield of alkaloids in Catharanthus is in smaller quantities and their synthetic derivatives are less effective, tissue culture techniques have mainly targeted yield enhancement but with limited success. Most of the work on alkaloid production has been carried out in cell suspension and hairy root cultures (Eilert et al., 1987; Kim et al., 1994; Jung et al., 1992; Bhadra et al., 1993; Batra et al., 2004) . However, cell culture as an alternate source of alkaloid enhancement has not been successful (Canel et al., 1998) . Genetic transformation for alkaloid production has been mainly restricted towards production of hairy roots. 50 % of regenerants from hairy roots showed altered phenotypes (Choi et al., 2004) . Transformation through particle bombardment has led to stable gene expression, chimeras with low percentage of transformed tissue also result (Zarate et al., 1999) . Since stress has been implicated in the induction of secondary metabolite production, it would be worthwhile to assess the levels of such metabolites in plants grown under abiotic stress. Stress tolerant medicinal plants would be equally profitable for degraded land, without sacrificing the yield. In the present study, therefore, attempts were made to develop a suitable micropropagation and Agrobacterium tumefaciens-mediated transformation
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protocol for Catharanthus roseus. Mature explantsnodal segments, leaf and leaf-derived callus were used as the target tissue. To assess the genetic stability of regenerants, RAPD analysis was carried out.
MATERIAL AND METHODS

Establishment of cultures
Nodal and leaf segments of Catharanthus roseus var. alba collected from herbal garden at Jamia Hamdard were washed under running tap water for 30 min and then sequentially treated with 0.5 % cetrimide for 10 min, with 1 % (bavistine + streptomycin sulphate) for 30 min, followed by 0.1 % HgCl 2 for 5 min and then rinsed in 70 % alcohol before thorough washing with sterile ddH 2 O. These explants were implanted on MS (Murashige and Skoog, 1962) medium (3 % sucrose); pH 5.65, gelled with 0.62 % agar, containing various combinations of auxins and cytokinins and autoclaved at 121 0 C and 1.06 kg cm -2 for 15-20 min. All the cultures were maintained in a culture room at 25 ± 2 0 C.
RAPD analysis
Genomic DNA was extracted according to the protocol of Doyle and Doyle (1990) from 0.5 g of leaf sample of mother plant as well as the regenerants. The purified DNA was quantified on 0.8 % agarose gel and genetic fidelity was checked through RAPD using 17 random primers (MWG-Biotech AG, Germany). A typical 15 μl reaction mixture consisted of 50 ng of DNA, 1 X Taq buffer, 1.6 mM MgCl 2 , 0.6 μM primer, 0.5 U Taq polymerase and 0.3 mM dNTPs. The cycling parameters were: 94 0 C, 36 0 C and 72 0 C for 2 min each X 1 cycle, followed by 1 min each at 94 0 C, 36 0 C and 72 0 C X 30 cycles and final extension at 72 0 C for 10 min. Amplification products were separated electrophoretically on 1.2 % agarose gel and visualized after staining with ethidium bromide.
Agrobacterium strain and plasmid vector
Transformation was carried out using the agrobacterial strain LBA 4404 harboring the binary vector pBI-S1, containing nptII regulated by Nos promoter conferring tolerance to Kanamycin, uidA and Brassica juncea GlyI (Glyoxalase I) gene regulated by CaMV 35S promoter, as depicted in fig. 1 (Veena et al., 1999) .
Co-cultivation and selection
Explants-nodal and leaf segments and leaf-derived callus pieces of Catharanthus roseus were dipped in agrobacterial cell suspension (LB + 50 mgl -1 kanamycin) grown at 28 0 C with continuous shaking at 250 rpm until O.D 580 was 0.6-0.8. The explants were blotted dry on sterile filter paper and inoculated on MS + 0/50/100 μM acetosyringone and co-cultured for 1,2,3,4 and 5 days 
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at 25 ± 2 0 C. After co-cultivation the explants were washed twice with sterile distilled water containing 500 mgl -1 cefotaxime, blotted dry on sterile filter paper and inoculated on selection medium: MS + 35 mgl -1 kanamycin + 250 mgl -1 cefotaxime (SM) + α-naphthaleneacetic acid (NAA, 0.1 mgl -1 ) + benzyladenine (BA, 1.0 mgl -1 ) (for nodal segments)/ NAA (2.0 mgl -1 ) + BA (5.0 mgl -1 ) (for callus and leaf segments). Cefotaxime and kanamycin were sequentially removed from the medium after 7 days and 4 weeks, respectively. The cultures were maintained under a 16 h photoperiod (15 μmolm -2 s -1 ) at 25 ± 2 0 C.
GUS assay
Transformed explants that survived on selection medium were assayed after 10 days for GUS expression according to the procedure described by Jefferson et al. (1987) . Explants were immersed overnight in assay buffer containing 20 % methanol, 50 mM sodium phosphate buffer (pH 7), 500 μM potassium ferrocyanide, 500 μM potassium ferricyanide, 5 mM EDTA, 0.5 % triton X-100 and 20 mM X-Glu. Following incubation, chlorophyll was extracted in 70 % alcohol for visualization of colored product.
PCR analysis
DNA of putatively transformed callus was extracted according to modified protocol of Edwards et al. (1991) . A 25 μl reaction consisted of template DNA, 1X Taq buffer, 0.4 mM dNTPs, 1.5 mM MgCl 2 , 0.4 μM primer and 1.5 U Taq polymerase. The uidA gene fragment was amplified using 5'AATTGATCAGCGTTGGTGG3' and 5'GGTGTAGAGCATTACGCTGC3' primers, Gly I gene with 5'ATGGCGTCGGAAGCGAAGGAA3' and 5' 'T C A A G C T G C G T T T C C G G C T G T3' and the nptII gene fragment was amplified using 5'GAGGCTATTCGGCTATGACTG3' and 5'ATCGGGAGCGGCGATACCGTA3'. 25 ng of plasmid DNA and 50 ng of DNA of untransformed callus was taken as positive and negative control, respectively. 50 ng of DNA of transformed callus was taken to ascertain transgene integration. The cycling parameters were 94 0 C, 56 0 C and 72 0 C for 2 min X 2 cycles, and at 94 0 C, 56 0 C and 72 0 C for 1min X 30 cycles. PCR products were separated on 1 % agarose gel and visualized after staining with ethidium bromide.
The λ DNA marker and enzymes were obtained from Bangalore Genei, India.
RESULTS AND DISCUSSION
Regeneration from nodal segments
The problem of persistence of endogenous bacteria in the cultured nodal segments could be overcome by increasing the duration and concentration of streptomycin treatment. Of various hormonal combinations tried, the explants showed better regeneration on MS + NAA/BA (Fig. 2 A, B) as compared to MS + indoleacetic acid (IAA)/Kinetin (Kn), NAA/Kn and IAA/BA. The highest number and length of shoots per explant were produced on MS + NAA (0.1 mgl -1 ) + BA (1.0 mgl -1 ) + casein hydrolysate (CH, 500 mgl -1 ).
Callus induction
Nodal segments showed poor response for callusing as compared to leaf segments. MS + NAA/BA, thidiazuron (TDZ), TDZ/NAA and 2,4-dichlorophenoxacetic acid (2,4-D) were tried, but only 2,4-D supported callus induction from leaves. Shoots were regenerated from callus on MS + NAA (2 mgl -1 ) + BA (5 mgl -1 ) + activated charcoal (0.1 %) + CH (500 mgl -1 ). There was no regeneration in the absence of activated charcoal (Fig.  2 C, D) . The amount of phenolics released was high rendering frequent sub-culture necessary. The average number of shoots and roots produced per callus was 3 and 1.6, respectively.
RAPD analysis
17 primers generated a total of 62 bands but the number of bands varied from 1 to 9, ranging between 0.23-2.3 kb. Consistency and reproducibility of RAPD was determined with three replicates (Table 1 & Fig. 3 A-C) . Catharanthus propagates through seeds as well as cuttings. The in vitro grown plantlets may show loss of desired characters or variation between individuals. RAPD analysis using 17 primers showed only monomorphic bands and no variation in the regenerants. Such uniformity in regenerants has also been observed in turmeric (Salvi et al., 2002) and ginger (Rout et al., 1998) .
Factors influencing transformation
We evaluated the influence of explant type, cocultivation duration, bacterial cell density and acetosyringone concentration to optimize the transformation. Transformation through axillary bud would be more rewarding as there is less chance of genetic instability in regenerants. In C. roseus, however, it was not easily achievable as the size of nodal segments and secretion from the cut ends restricted efficient transformation. Nodal segments showed very little or no GUS expression except at the cut ends. To enhance transformation efficiency, axillary buds were even pricked or scraped but they either failed to develop or formed short-lived shoots. Leaf segments failed to survive on the selection medium and the cut ends did not exhibit any GUS expression. Of the three-callus, leaf and nodal segments, callus proved best for transformation. More than 90 % of the callus segments transformed under optimized conditions were GUS positive.
Bacterial cell concentration and co-cultivation duration influenced the survival of explants as well as transient GUS expression. There was a linear decline in percent survival with increase in co-cultivation duration. The explants failed to survive after 5 days of cocultivation. In citrange (Cervera et al., 1998) and rice (Li et al., 1992) increase in the duration of co-cultivation led to enhanced transformation but longer periods caused bacterial overgrowth leading to death of explants, which was also observed in our studies on Catharanthus.
Acetosyringone at 100 μM proved optimal for transformation. Both at higher and lower concentrations, a decline in transformation frequency was observed. Finally, a combination of 100 μM acetosyringone, bacterial O.D 580 at 0.7 and 3 days of co-cultivation Transformation of Catharanthus roseus through Agrobacterium tumefaciens (Fig. 4) .
PCR analysis
DNA from transformed and untransformed calli and plasmid pBI-S1 was used as template for amplification of nptII, Gly I, and uidA genes. Amplification of 0.45 kb fragment of uid A, 0.56 kb of Gly I and 0.8 kb fragment of nptII genes confirmed the integration of transgene. Amplification was not observed in non-transformed control (Fig. 5 A-C) .
Five callus lines that survived but did not regenerate on selection medium showed nptII, GlyI and uidA specific amplification. Catharanthus roseus being a glycophyte and Gly I gene is known to impart tolerance against salt stress, transformation through pBI-S1 may prove useful in utilization of saline soil. Such transformed calli can be used for enhancement in the yield of secondary metabolites.
